Objective: To compare the incidence rate of carboplatin hypersensitivity reactions (HSRs) in gynecologic cancer patients receiving one-hour or two-hour carboplatin retreatment infusions. Setting: A Prospective Randomized Controlled Trial. Methods: Recurrent gynecologic cancer patients 25 to 80-years of age who were scheduled to receive carboplatin retreatment after previously receiving at least six cycles of carboplatin without a history of platinum allergy were invited to enroll. They were randomized to receive either a one-hour or two-hour carboplatin infusion in each cycle. The nurses recorded any occurrence of HSR. Patients who developed carboplatin HSR were discontinued from the study. Results: Forty-five patients were enrolled and randomized to receive either a one-hour carboplatin infusion arm in 69 cycles or a two-hour infusion arm in 67 cycles. Both groups were well balanced regarding median age, body mass index, type of cancer, history of drug allergy, median platinum free interval time, median total number of previous carboplatin cycles, premedication type, regimen and median total dose of carboplatin. Five (3.67%) of the 136 cycles resulted in carboplatin HSR, all of which were Grade 1. Of these, four cycles developed HSR during the one-hour infusion and only one cycle with a two-hour infusion (P=0.37). The onset of carboplatin HSR occurred within 30-105 minutes after infusion start. Conclusion: Extending the carboplatin infusion time to two hours from one hour did not significantly decrease carboplatin HSR.
Introduction
Carboplatin is a widely used platinum based chemotherapy for gynecologic cancer treatment especially ovarian cancer and peritoneal cancer. It is usually administered with paclitaxel as a PT regimen both in primary and in platinum sensitive recurrent settings (ICON2,1998; ICON3,2002; Trimbos et al.,2003) . The previous studies reported 12-19 percent of hypersensitivity reaction (HSR) rates occurred in those patients who received a PT regimen and the incidence rate increased when more cycles of carboplatin were administered. Zanotti et al. found that the patients who were treated by more than seven cycles of carboplatin had an increased incidence of HSR as high as 27 percent, compared with only one percent in patients who received six or fewer cycles (Zanotti et al., 2001) .
The mechanism of carboplatin HSR remains unclear. O'Cearbhaill et al. believed that the carboplatin HSR was mediated through a Type I immunoglobulin E (IgE) dependent mechanism. In addition, the clinical manifestations of HSR varied in a range from asymptomatic or transient flushing to anaphylaxis or death (O'Cearbhaill
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Weerawich Pornwattanakrilert, Prapaporn Suprasert* et al., 2010) . Thus, numerous immunological and non-immunological mechanisms might be associated with HSR.
To prevent HSR of carboplatin, one simplified method was the extended carboplatin infusion time. O'Cearbhaill et al. conducted a retrospective study and found that the extended infusion time of carboplatin could decrease the HSR events. They compared the 30-minute to three-hour carboplatin infusion time and reported the incidence of HSR decreased from 21 percent in the patients who received a 30-minute infusion to only nine percent in the patients with a three-hour infusion time (O'Cearbhaill et al., 2010) . In our center, carboplatin containing regimens were given in an out-patient setting with one-hour infusions as standard schedule (Koshiba et al., 2009 ) and occasionally carboplatin HSR was noted especially in patients who had previously received numerous cycles of carboplatin. To determine if the extended carboplatin infusion time could decrease HSR, we conducted this randomized controlled trial in gynecologic cancer patients who were historically treated by at least six carboplatin-included regimens cycles and required retreatment by a carboplatin-included regimen. The aim was to compare the incidence of carboplatin HSR in the cycle with one-hour carboplatin infusion to a two-hour infusion. We selected a two-hour infusion instead of a three-hour infusion as mentioned in the previous report because it was more convenient in our outpatient setting.
Materials and Methods
This study was a prospective randomized controlled trial conducted at the One Day Chemotherapy Unit of the Chiang Mai University Hospital between June 1, 2015 and June 30, 2016. After approval from the Research Ethics Committee of Faculty of Medicine, Chiang Mai University and registry as a Thai Clinical Trial. (TCTR20151123001), the patients with recurrent gynecologic cancer who met the inclusion criteria were selected. Carboplatin retreatment patients who had historically received carboplatin included regimen of at least six cycles and revealed normal bone marrow, renal and liver function were included. The patients with a preexisting history of carboplatin or another platinum allergy were excluded.
After enrollment, the patients were randomly allocated to receive either a one-hour or two-hour carboplatin infusion in each cycle. A randomization list was computer-generated. The investigator prepared sealed, opaque and sequentially numbered envelopes with the respective allocation codes. The nurse in the One Day Chemotherapy Unit opened an envelope and started premedication and infused carboplatin included-chemotherapy in one or two hours following the identification code. Data of HSR symptoms were collected by the attending nurses. The patients were administered the premedication 30 minutes prior to the initiation of the carboplatin-included chemotherapy. The two types of premedication that were given included: lorazepam (0.5 mg) 1 tablet orally, intravenous solution of dexamethasone 20 mg plus ondansetron 8 mg in 100 ml of 5% dextrose water at 50 drops/minute, ranitidine 50 mg intravenous slowly pushed over two minutes and chlorpheniramine 10 mg slow intravenous push. The difference between the two premedication regimens was intravenous hydrocortisone 100 mg slowly push either added or not added to the regimen. The premedication regimens were selected by the physicians' preference. In the combination regimen, carboplatin was given lastly. After started the chemotherapy infusion, the attending nurses recorded vital signs and any HSR symptoms referenced by the Common Terminology Criteria for Adverse Events Volume 3.0 (CTCAE v3.0) consisting of Grades 1 to 5 categorized from minimal to severe symptoms of HSR in each chemotherapy (Trotti et al., 2003) . If HSR occurred, the attending nurse immediately stopped the chemotherapy infusion and notified the doctor for HSR standard treatment. Those patients who developed any grade of carboplatin HSR were discontinued in this study. The basic clinical data and the type of HSR were recorded.
The sample size was calculated based on the prevalence of carboplatin HSR in a former study (O'Cearbhaill et al., 2010) . The result was 63 cycles of carboplatin infusion per arm to obtain 80% power with alpha error less than 0.05 and a difference of 20% in the outcome measurement. Data were analyzed using IBM SPSS statistic version 22.0 for Windows. The summary statistics were reported as percentages for categorical number. The Mann-Whitney U test and the Chi-square test were used to determine the variable and the incidence of carboplatin HSRs between the controls and the study groups as appropriate. A p-value of less than 0.05 was set up as statistically significant.
Results
Forty-five patients met the inclusion criteria and were enrolled in the present study with 163 cycles of carboplatin included regimens administered. Twenty-four cycles were excluded from this study due to the patients refusal to participate in the study. Thus, 139 cycles of carboplatin included regimens were randomized to administer carboplatin in one-hour (69 cycles) and two-hour infusions (70 cycles). However, 3 cycles of 2-hour infusion were excluded due to the erroneous of enrollment process that recruited the patient who developed carboplatin HSR in the former cycle. Therefore, the final analysis was done in 69 cycles of 1-hour carboplatin infusion arm and 67 cycles od 12 -hour infusion arm as shown in Figure 1 .
Both groups were well balanced in age, body mass index, body surface area, type of cancer, history of drug allergy, underlying disease presented, initial stage, mean interval time of the latest given carboplatin, the line and regimen of previous chemotherapy, the median total of the former cycles of carboplatin and the median dosage of carboplatin as listed in Table 1 . The details of chemotherapy for both infusion times were presented in Table 2 . The most frequent regimen in both groups was carboplatin plus paclitaxel. There were no statistically significant differences in the type of premedication, mean total of carboplatin in each cycle, the type of calculation for the dosage of carboplatin and the mean total number of carboplatin dosages and cycles in both arms. Three patients developed Grade 1 HSR to paclitaxel in seven cycles. Of these cycles, three cycles were one-hour Figure 1 . Flow of the CyclesThrough the Study during a two-hour infusion arm. However, this difference did not reach statistical significance (P value =0.37). The details of the five patients who developed carboplatin HSR were presented in Table 3 . All of them received carboplatin plus paclitaxel and had received carboplatin previously for more than ten cycles. The dosage was in a range of 440-620 mg. Three patients developed HSR symptoms carboplatin infusions while the remaining four cycles were in the two-hour carboplatin infusion arm. All paclitaxel allergy patients did not develop carboplatin HSR.
Only five cycles (3.7%) of the 136 cycles or 5 patients of the 45 patients (11%) developed carboplatin HSR and all were Grade 1. Of these cycles, four cycles developed in the one-hour infusion arm and only one cycle developed All of them received carboplatin plus paclitaxel; Premedication: A, routine drugs + hydrocortisone 100 mg intravenously; B, routine drugs only; HSR, Hypersensitivity reaction; Rx, treatment; CPM, Chlorpheniramine; min, minutes; †,The time of discontinued carboplatin infusion; ‡, All hypersensitivity reaction was grade 1according to Common Terminology Criteria for Adverse Events Volume 3.0 (CTCAE v3.0) (7); §, This patient was developed carboplatin HSR at cycle 3 and was discontinued from the study; However, with the erroneous of recruitment process, she still received carboplatin with 2-hour infusion time at cycle 4-6 and developed carboplatin HSR at cycle 4 and 5.
in the last cycle while two patients developed HSR in the third cycle and one of them still developed Grade 1 HSR in the fourth and fifth cycles but did not develop it in the sixth cycle. This patient was discontinued from the study due to the experience of carboplatin HSR in cycle 3 that infused carboplatin in 1-hour but with the erroneous of the enrollment process, she was randomized to 2-hour infusion group in the rest 3 cycles and still developed carboplatin HSR in cycle four and five. The remaining patients received cycles four through six without HSR even though receiving carboplatin over one-hour. All carboplatin HSR in the present study were in Grade 1 with only transient flushing or a rash that improved after administration of chlorpheniramine and were able to complete their carboplatin infusion after discontinued the carboplatin for 30 -45 minutes while the onset of carboplatin HSR were 30-105 minutes.
Discussion
The incidence of carboplatin induced HSR in the literature was varied from 1 to 35% (Pandey et al., 2014) . However, it occurred more frequently in the patients who received carboplatin beyond the first line setting with the peak incidence at median number of seven cycles of carboplatin (Robinson et al., 2001) . Variable clinical manifestations of carboplatin HSR have been reported such as itching, rash, chest tightness, emesis, blood pressure changes and facial swelling that could occur after just starting or completing an infusion (Fotopoulou , 2014) . In the present study, we found the incidence of carboplatin HSR only 3.7% of cycles or 10% of patients even in the recurrence setting and all of these events were Grade 1 HSR that revealed only transient flushing or rash. This different incidence rate might be from the variation in premedication type, the race, the dosage of carboplatin and the criteria of HSR. We used Common Terminology Criteria for Adverse Events volume 3.0 (Trotti et al., 2003) for collecting data of HSR. These criteria did not include some events such as emesis while other studies included this event (Fotopoulou , 2014) . Caiado J and Castells M, (2015) recently reviewed platinum HSR and summarized that the most important predictive factor for carboplatin HSR was the multiple and repeated exposure to carboplatin. They reported the incidence rate of carboplatin HSR before the sixth infusion was 0.92 and was increased to 19%-23% during the retreatment setting. Robinson et al., (2001) retrospectively reviewed 32 patients with HSR from chemotherapy. Of those patients, 16 of them occurred from carboplatin exposure with the median prior course of seven. Other predictive factors were recently reported by a Japanese study. They found that a previous history of drug allergy, a prolonged platinum-free interval more than 13 months and a high dosage more than 650 mg increased the risk of carboplatin HSR (Sugimoto et al., 2011) In the present study, all five patients who developed carboplatin HSR revealed the median cycle of carboplatin exposure as 13 cycles, the median dosage of carboplatin administered was 500 mg and the median interval of platinum-free interval was 17 months. These findings were relevant to the previous reports except the dosage of carboplatin. Our patients did not receive carboplatin in as high a dose as in previous studies. Thus, we did not have such experience.
The exact mechanism of carboplatin induced HSR remains unclear. With the repeated exposure to free platinum metal which was contaminated in the carboplatin composition, this substance may produce allergic manifestations developed through a type 1 IgE mediated HSR mechanism via the releasing of vasoactive cytokines and histamine from basophils and mast cells (Pandey et al., 2014) .
One interesting method that was mentioned to prevent carboplatin HSR was the extension of the carboplatin infusion time. Two previous studies reported the comparative study and found significantly reduced carboplatin HSR incidence by increasing the infusion carboplatin time from 30 minutes to three hours (O'Cearbhaill et al., 2010; Pasternak et al., 2016) . The first study was published in 2010 by review of the electronic medical records of the patients with recurrent ovarian cancer, fallopian tube cancer and primary peritoneal cancer who were retreated with carboplatin with the study period over ten years. The authors reviewed 777 patients and found 117 patients developed carboplatin HSR. Of these, only 3.4% of 174 patients received three-hour carboplatin infusions compared to 21% of 533 patients who received a 30 minutes infusion (O'Cearbhaill et al., 2010) . Various premedication types were used and included the patients who experienced chemotherapy allergy in this study. Another study was published this year with a retrospective chart review design. The authors included 326 patients who were diagnosed with ovarian, fallopian tube and primary peritoneal cancer and were treated with at least eight cumulative cycles of carboplatin between January, 2007 and September, 2014. Of these, 161 patients received 30-60-minute infusions and 165 patients received threehour extended infusions of carboplatin. The patients who received the three-hour extended infusions significantly received triple premedication therapy. They found 40% of the patients with the 30-60 minute infusions developed carboplatin HSR while only 24.2% of the three-hour extended infusions developed such events (P = 0.0027) (Pasternak et al., 2016) . However, both of them were retrospective studies with a longer period of studied time of seven to ten years than our present study. Recently, a small prospective trial that recruited 15 patients with 3 -hour infusion carboplatin retreatment found carboplatin HSR in 6 patients (40%). This incidence rate was close to their own experience of carboplatin HSR that occurred in 35% of patients who received carboplatin without extended infusion time (Lax et al., 2016) . The authors concluded that the extended carboplatin infusion time did not benefit to decrease HSR.
One interesting point that observed from our study was the onset of carboplatin HSR. Of seven cycles that developed such event, the onset was in a range of 30-105 minutes. O'Cearbhaill et al. found that only 20% of carboplatin HSR occurred within initial 1/5 of the total infusion time while the rest occurred after that and about 20% developed carboplatin HSR within one hour after completion of carboplatin administer (O'Cearbhaill et al., 2010) .
Regarding the present study that was conducted in randomized controlled trial, we still did not find the significant differences of carboplatin HSR in the one-hour infusion group versus the two-hour infusions. In five cycles of carboplatin exposure, four cycles developed carboplatin HSR during one-hour infusions while one cycle developed in a two-hour infusion time. However, the non-significant difference might be from the low incidence rate of carboplatin HSR in our patients so that the further study should recruit more participants. This was the limitation of the present study.
In conclusion, the extended carboplatin infusion time did not decrease the rate of carboplatin HSR, significantly.
Conflict of interest
The authors declare that there are no conflicts of interest.
